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Abstract 



A method of fabricating a semiconductor structure including the steps of providing a silicon substrate (10) 
having a surface (12), forming on the surface (12) of the silicon substrate (10), by atomic layer deposition 
(ALD), a seed layer (20;20') characterised by a silicate material and forming, by atomic laye r dep osition 

Is 

(ALD) one or more layers of a high dielectric constant oxide (40) on the seed layer (20;20'). I 
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Description 



Field of Invention 



[0001] The present invention relates in general to a method for fabricating a semiconductor structure 
including a silicate interface between a silicon substrate and metal oxides, and more particularly to a 
method for fabricating an interface including a seed layer utilizing atomic layer deposition or atomic layer 
epitaxy. 



Background of the Invention 



[0002] A stable silicon (Si) surface is most desirable for subsequent epitaxial growth of metal oxide thin 
films on silicon for numerous device applications, e.g., ferroelectrics or high dielectric constant oxides for 
non-volatile high density memory and next generation MOS devices. It is pivotal to establish a stable 
transition layer on the Si surface for the subsequent growth of high-k metal oxides. 

[0003] Some reported growth of these oxides, such as BaO and BaTi03 on Si (100) were based on a 
BaSi2 (cubic) template by depositing one fourth monolayer of Ba on Si (100) using molecular beam epitaxy 
at temperatures greater than 850 DEG C. See for example: R. McKee et al., Appl. Phys. Lett. 59(7), pp. 
782-784 (12 August 1991); R. McKee et al., Appl. Phys. Lett. 63(20), pp. 2818-2820 (15 November 1993); 
R. McKee et al., Mat. Res. Soc. Symp. Proc, Vol. 21, pp. 131-135 (1991); U.S. Patent No. 5,225,031, 
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issued July 6, 1993, entitled "PROCESS FOR DEPOSITING AN OXIDE EPITAXIALLY ONTO A SILICON 
SUBSTRATE AND STRUCTURES PREPARED WITH THE PROCESS"; and U.S. Patent No. 5,482,003, 
issued January 9, 1996, entitled "PROCESS FOR DEPOSITING EPITAXIAL ALKALINE EARTH OXIDE 
ONTO A SUBSTRATE AND STRUCTURES PREPARED WITH THE PROCESS". A strontium suicide 
(SrSi2) interface model with a c(4x2) structure was proposed. See for example: R. McKee et al., Phys. 
Rev. Lett. 81(14), 3014 (5 October, 1998). However, atomic level simulation of this proposed structure 
indicates that it likely is not stable at elevated temperatures. 

[0004] Growth of SrTi03 on silicon (100) using an SrO buffer layer has been accomplished. See for 
example: T. Tambo et al.; Jpn. J. Appl. Phys., Vol. 37 (1998), pp. 4454-4459. However, the SrO buffer 
layer was thick (100 ANGSTROM ), thereby limiting application for transistor films, and crystallinity was not 
maintained throughout the growth. 

[0005] Furthermore, SrTi03 has been grown on silicon using thick oxide layers (60-120 ANGSTROM ) of 
SrO or TiOx. See for example: B. K. Moon et al., Jpn. J. Appl. Phys., Vol. 33 (1994), pp. 1472-1477. These 
thick buffer layers would limit the application for transistors. 

[0006] High-k oxides are of great importance for the next generation MOSFET applications. Typically, in all 
of these known structures, they are prepared using molecular beam epitaxy (MBE),, pulsed laser deposition 
(PLD), sputtering, and/or metal-organic chemical vapor deposition (MOCVD). In these types of methods of 
preparation, it is difficult to control the silicon oxide interface to achieve low density of interfacial traps, low 
leakage current, and for thickness and composition uniformity over large areas, such as 8" and above, and 
conformity over trenches. Accordingly, there is a need for a method that provides for a better interface 
between a silicon substrate and the metal oxide layer, that is simple to manufacture, controllable, has - 
suppressed fringing effects in MOSFET devices, and suitable for mass production. 

[0007] Accordingly, it is a purpose of the present invention to provide for a method of fabricating a thin, 
stable silicate interface with silicon. 

[0008] It is yet another purpose of the present invention to provide for a method of fabricating a 
semiconductor structure including a metal oxide interface with silicon that is reliable and amenable to high 
throughput manufacturing. 



Summary of the Invention 



[0009] The above problems and others are at least partially solved and the above purposes and others are 
realized in a method of fabricating a semiconductor structure including the steps of providing a silicon 
substrate having a surface, forming on the surface of the silicon substrate, by atomic layer deposition 
(ALD), a seed layer characterised by a silicate material and forming, by atomic layer deposition (ALD) one 
or more layers of a high dielectric constant oxide on the seed layer. 



Brief Description of the Drawings 



[001 0] Referring to the drawings: 

FIG. 1 illustrates a cross-sectional view of a first embodiment of a clean semiconductor substrate having a 

plurality of oxide layers formed thereon and in accordance with the present invention; 

FIG. 2 illustrates a cross-sectional view of a semiconductor substrate having an interface seed layer 

formed of a silicate layer utilizing atomic layer deposition in accordance with the present invention; 

FIG. 3 illustrates a cross-sectional view of second embodiment of a clean semiconductor structure having a 

hydrogen layer formed thereon and in accordance with the present invention; 

FIG. 4 illustrates a cross-sectional view of a semiconductor structure having an oxide layer formed thereon 
and in accordance with the present invention; 

FIG. 5 illustrates a cross-sectional view of a semiconductor substrate having an interface seed layer 
formed of a silicate layer utilizing atomic layer deposition in accordance with the present invention; 
FIG. 6 illustrates the method of forming the interface seed layer utilizing atomic layer deposition in 
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accordance with the present invention; ( 

FIG. 7 illustrates a cross-sectional view of a semiconductor substrate having a high dielectric constant 
metal oxide layer formed on the structure illustrated in FIGs. 2 and 5 utilizing atomic layer deposition in 
accordance with the present invention; and 

FIG. 8 illustrates the method of forming the high dielectric constant metal oxide layer utilizing atomic layer 
deposition in accordance with the present invention. . 



Detailed Description of the Preferred Embodiment 



[0011] This disclosure teaches a method of fabricating a high dielectric constant (high-k) metal oxide 
having an interface with a silicon substrate. The process is based on the use of atomic layer deposition 
(ALD) to form a stable silicate seed layer necessary for the subsequent growth of alkaline-earth metal 
oxide layers. Accordingly, disclosed is a new method of growing a seed layer and metal oxide layer utilizing 
atomic layer deposition. 

[0012] To form the novel interface between a silicon (Si) substrate and one or more layers of a high 
dielectric constant (high-k) metal oxide, two specific approaches utilizing atomic layer deposition may be 
used dependent upon the substrate. A first example will be provided for starting with a Si substrate having 
silicon dioxide (Si02) formed on the surface. The silicon dioxide is disclosed as formed as a native oxide, 
or by utilizing thermal, or chemical techniques. Si02 is amorphous rather than single crystalline and it is 
desirable for purposes of growing the seed layer material on the substrate to create the interfacial layer. 
The second example will be provided for starting with a Si substrate which undergoes hydrogen (H) 
passivation, thereby having formed on the surface a layer of hydrogen (H). 

[0013] Turning now to the drawings in which like elements are designated with like numbers throughout the 
FIGs., FIG. 1 illustrates a Si substrate 10 having a surface 12, and a layer 14 of Si02 thereupon. In this 
particular embodiment, layer 14 of Si02 naturally exists (native oxide) once the silicon substrate 10 is 
exposed to air (oxygen). Alternatively, layer 14 of Si02 may be formed purposely in a controlled fashion 
well known in the art, e.g., thermally by applying oxygen onto the surface 12 at a high temperature, or 
chemically using a standard chemical etch process. Layer 14 is formed with a thickness in a range of 5-100 
ANGSTROM thick, and more particularly with a thickness in a range of 10-25 ANGSTROM . 

[0014] A novel seed layer (discussed presently) is formed utilizing atomic layer deposition. First, a thin 
layer, less than 20 ANGSTROM , of a metal oxide 18, such as zirconium oxide (Zr02), hafnium oxide 
(Hf02), strontium oxide (Sr02), or the like, is deposited onto surface 16 of layer 14 of Si02 using chloride 
or a beta -Diketonate precursor and oxygen (02), water (H20), nitrous oxide (N20), or nitric oxide (NO) at 
a relatively low temperature, such as less than 600 DEG C. More particularly, Si substrate 10 and the 
amorphous Si02 layer 14 are heated to a temperature below the sublimation temperature of the Si02 layer 
14, generally below 900 DEG C, and in a preferred embodiment below 600 DEG C prior to the deposition 
of metal oxide 18. 

[0015] Next, the temperature of substrate 10 is then raised above 600 DEG C in order for the layer 18 
metal oxide (MOx) and the layer 14 of Si02 to react to form a seed layer 20 of MSiOx (silicate), as 
illustrated in FIG. 2. 

[0016] This step provides for the formation of a stable silicate on the silicon substrate, more particularly the 
formation of seed layer 20. The thickness of silicate, or seed, layer 20 is approximately a few monolayers, 
and the same thickness of the Si02 layer 14, more specifically in the range of 5-100 ANGSTROM , with a 
preferred thickness in the range of 10-25 ANGSTROM . In this particular embodiment, the application of 
metal oxide 18 to the surface 16 of layer 14 and subsequent flushing with nitrogen (N2), argon (Ar), or 
helium (He), and heating causes a chemical reaction, forming hafnium silicon oxide (HfSi04), zirconium 
silicon oxide (ZrSi04), strontium silicon oxide (SrSi04), or the like, as seed layer 20. Monitoring of the 
semiconductor structure can be accomplished utilizing any surface sensitive technique, such as reflection 
difference spectroscopy, spectroscopic ellipsometry, or the like wherein the surface is monitored by in situ 
techniques. 

[0017] It should be understood by those skilled in the art that the temperatures given for these processes • 
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are recommended for the particular embodiment described, but the invention is not limited to a particular 
temperature or pressure range." 

[0018] In an alternative embodiment, and as illustrated in FIGs. 3-6, disclosed is Si substrate 10' having a 
surface 12', having undergone hydrogen (H) passivation, thereby having a layer 13 of hydrogen (H) formed 
thereon. It should be noted that all components of FIGs. 1 and 2 that are similar to components of the 
FIGs. 3-5, are designated with similar numbers, having a single prime added to indicate the different 
embodiment. In this particular embodiment, layer 13 of hydrogen (H) is formed in a controlled fashion by 
hydrogen passivation techniques. 

[0019] A novel seed layer (discussed presently) is formed utilizing atomic layer deposition. First, layer 13 of 
hydrogen (H) is desorbed from surface 12' at a high temperature, preferably in excess of 300 DEG C. Next, 
surface 12' of the Si substrate 10' is exposed to a Si precursor, such as silane (SiH4), disilane (SiH6), or 
the like, and a metal precursor, such as hafnium (Hf), strontium (Sr), zirconium (Zr), or the like, generally 
referenced 15 of FIG. 4, during a time equal to T1, as shown in FIG. 6, referenced 30. Substrate 10' is 
exposed to the precursors at a temperature of generally between 100 DEG C-500 DEG , and in a preferred 
embodiment at a temperature of 250 DEG C and at an atmospheric pressure of 0.5mTorr. Once the 
precursors are deposited, a surface 17 is flushed 32 with an inert gas, such as argon (Ar), nitrogen (N2), or 
helium (He), for a time, T2, as illustrated in FIGs. 4 and 6 to remove any excess material. The stack is then 
exposed 34 to oxygen (O) with or without plasma, water (H20), nitrous oxide (N20), or nitric oxide (NO) for 
a time, T3, to oxidize layer 15 of Si and metal, thereby forming seed layer 20', generally similar to seed 
layer 20 of FIG. 2. Finally, seed layer 20* is flushed 36, as illustrated in FIG. 6, with argon (Ar), nitrogen 
(N2) or helium (He) to eliminate any excess oxygen (O). 

[0020] This step provides for the formation of a stable silicate on the silicon substrate which has been 
hydrogen passivated, more particularly the formation of seed layer 20'. The thickness of seed layer 20' is 
approximately a few monolayers, more specifically in the range of 5-100 ANGSTROM , with a preferred 
thickness in the range of 10-25 ANGSTROM . In this particular embodiment, the atomic layer deposition is 
repeated for a few cycles, preferably 4-5 cycles, to form a few monolayers. Thus, a chemical reaction takes 
place forming hafnium silicon oxide (HfSi04), zirconium silicon oxide (ZrSi04), strontium silicon oxide 
(SrSi04), or the like, as the seed layer 20'. 

[0021] It should be understood that the component (x), where x= 0 to 1 in layer 20', having the composition 
of MxSi1-xO, can be adjusted using precursor flows of metal and silicon mixed prior to the introduction in 
the reaction chamber for better control. More particularly, a graded composition could be used whereby, 
the resultant final layer deposition using ALD renders a solely metal oxide layer, containing no silicon. 

[0022] Referring now to FIGs. 7, 8, and 9, the formation of high dielectric constant oxide layer 40 is 
accomplished by atomic layer deposition. First, seed layer 20 is exposed 50 to a metal precursor, such as 
hafnium (Hf), strontium (Sr), zirconium (Zr), lanthanum (La), aluminum (Al), yttrium (Y), titanium (Ti), 
barium (Ba), lanthanum scandium (LaSc), or the like, during a time, T1, thereby forming a layer 42 on 
surface 21 of seed layer 20. Seed layer 20 is exposed 50 to the metal precursors at a temperature of 
generally between 100 DEG C-500 DEG , and in a preferred embodiment at a temperature of 250 DEG C 
and at an atmospheric pressure of 0.5mTorr. A surface 43, of layer 42 is next flushed 52 with an inert gas, 
such as argon (Ar), nitrogen (N2) or helium (He) for a time, T2, to remove any excess metal precursor. 
Finally, the semiconductor structure is exposed 54 to oxygen (02) with or without plasma, water (H20), 
nitrous oxide (N20), or nitric oxide (NO) for a time, T3, to oxidize layer 42, more particularly the metal 
precursor, forming high-k metal oxide layer 40, as illustrated in FIG. 9. It is disclosed that high-k metal 
oxide layer 40 thus includes at least one of a high dielectric constant oxide selected from the group of 
hafnium oxide (Hf02), zirconium oxide (Zr02), strontium titanate (SrTi03), lanthanum oxide (La203), 
yttrium oxide (Y203), titanium oxide (Ti02), barium titanate (BaTi03), lanthanum aluminate (LaAI03), 
lanthanum scandium oxide (LaSc03) and aluminum oxide (AI203). 

[0023] As a final step, layer 40 is flushed 56 with argon (Ar), nitrogen (N2), helium (He) or the like, to 
remove any excess oxygen. This atomic layer deposition is repeated for a given number of cycles to form 
to form a high-k oxide of a desired thickness. 

[0024] Accordingly, disclosed is a method for fabricating a thin, seed layer 20 with silicon 10 as been 
described herein using atomic layer deposition (ALD). This forcing of the formation of a silicate layer by 
atomic layer deposition provides for high precision control of the thickness and composition over large 
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areas. In addition, conformity of growth in trenches is achieved. In each cycle of the deposition process, the 
migration of species is enhanced on the surface. 
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Claims 



1 . A method of fabricating a semiconductor structure characterised by the steps of: 
providing a silicon substrate (10) having a surface (12); 

forming by atomic layer deposition a seed layer (20) on the surface of the silicon substrate; and 

forming by atomic layer deposition one or more layers of a high dielectric constant oxide (40) on the seed 

layer. 



2. A method of fabricating a semiconductor structure as claimed in claim 1 wherein the step of providing a 
substrate includes the step of providing a substrate having formed thereon a silicon oxide (14). 

3. A method of fabricating a semiconductor structure as claimed in claim 2 wherein the step of forming by 
atomic layer deposition a seed layer further includes the step of depositing a layer of a metal oxide (18) 
onto a surface of the silicon oxide, flushing the layer of metal oxide with an inert gas, and reacting the 
metal oxide and the silicon oxide to form a silicate. 

4. A method of fabricating a semiconductor structure as claimed in claim 1 wherein the step of providing a 
substrate includes providing a substrate having a layer (13) of hydrogen formed thereon by hydrogen 
passivation. 

5. A method of fabricating a semiconductor structure as claimed in claim 4 wherein the step of forming by 
atomic layer deposition a seed layer (20) further includes the step of desorbing the layer (13) of hydrogen 
formed on the substrate, exposing (50) the silicon substrate to a silicon precursor and at least one metal 
precursor forming a layer of a silicon and a metal on the surface of the silicon substrate, flushing (52) the 
layer of silicon with an inert gas. to remove any excess silicon and metal precursor material, exposing (54) 
the surface of the layer of silicon to at least one of oxygen (02) with or without plasma, water (H20), 
nitrous oxide (N20), or nitric oxide (NO) to oxidize the layer of silicon and metal thereby forming a single 
oxidized monolayer, and flushing (56) the oxidized monolayer with an inert gas. 

6. A method of fabricating a semiconductor structure as claimed in claim 5 further including the step of 
repeating the. atomic layer deposition to form monolayers. 

7. A method of fabricating a semiconductor structure as claimed in claim 1 whereby the step of forming by 
atomic layer deposition one or more layers of a high dielectric constant oxide (42) includes the steps of 
exposing (50) the seed layer to a metal precursor, thereby forming a layer of metal, flushing (52) the layer 
of metal with an inert gas, exposing (54) the layer of metal to at least one of oxygen (O) with or without 
plasma, water (H20), nitrous oxide (N20), or nitric oxide (NO) to oxidize the layer of metal thereby forming 
a single high-k oxidized monolayer, and flushing (56) the oxidized monolayer with an inert gas. 

8. A method of fabricating a semiconductor structure as claimed in claim 7 further including the step of 
repeating the atomic layer deposition to form high-k oxide layer of a desired thickness. 

9. A method of fabricating a semiconductor structure characterised by the steps of: 
providing a silicon substrate (10) having a surface (12); 

forming by atomic layer deposition a seed layer (20) on the surface of the silicon substrate, the seed layer 
formed of a silicate material; and 

forming by atomic layer deposition one or more layers (42) of a high dielectric constant oxide on the seed 
layer. 
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10. A method of fabricating a semiconductor structure as claimed in claim 9 wherein the step of forming by 
atomic layer deposition the seed layer of a silicate material includes forming the seed layer of a silicate 
material selected from the group of strontium silicon oxide (SrSi04), zirconium silicon oxide (ZrSi04), and 
hafnium silicon oxide (HfSi04). 

1 1 . A method of fabricating a semiconductor structure as claimed in claim 1 0 wherein the step of fQrming 
by atomic layer deposition one or more layers of a high dielectric constant oxide on the seed layer includes 
forming the layer of high dielectric constant oxide selected from the group of hafnium oxide (Hf02), 
zirconium oxide (Zr02), strontium titanate (SrTi03), lanthanum oxide (La203), yttrium oxide (Y203) f 
titanium oxide (Ti02), barium titanate (Bati03), lanthanum aluminate (LaAI03), lanthanum scandium oxide 
(LaSc03) and aluminum oxide (AI203). 

12. A method of fabricating a semiconductor structure as claimed in claim 11 wherein the step of providing 
a substrate includes the step of providing a substrate having formed thereon a silicon oxide (14). 

13. A method of fabricating a semiconductor structure as claimed in claim 12 wherein the step of forming 
by atomic layer deposition a seed layer further includes the step of depositing a layer (18) of a metal oxide 
onto a surface of the silicon oxide, flushing the layer of metal oxide with an inert gas, reacting the metal 
oxide with the silicon oxide to form the silicate selected from the group of strontium silicon oxide (SrSi04), 
zirconium silicon oxide (ZrSi04), and hafnium silicon oxide (HfSi04). 

14. A method of fabricating a semiconductor structure as claimed in claim 1 1 wherein the step of providing 
a substrate includes providing a substrate having a layer (13) of hydrogen formed thereon by hydrogen 
passivation. 

15. A method of fabricating a semiconductor structure as claimed in claim 14 wherein the step of forming 
by atomic layer deposition a seed layer further includes the step of desorbing the layer of hydrogen formed 
on the substrate, exposing (50) the silicon substrate to a silicon precursor and at least one metal precursor 
forming a layer of a silicon and a metal on the surface of the silicon substrate, flushing (52) the layer of 
silicon with an inert gas to remove any excess silicon and metal precursor material, exposing (54) the 
surface of the layer of silicon to at least one of oxygen (02) with or without plasma, water (H20), nitrous 
oxide (N20), or nitric oxide (NO) to oxidize the layer of silicon and metal thereby forming a single oxidized 
monolayer, and flushing (56) the oxidized monolayer with an inert gas. 
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0 2 ) , f-^y^A'y^i, (BaTi0 3 ) , T^iKiS^y^ 
y (LaA10 3 ) , mt^Vfy ■ A*t> : JVM, (USc0 3 ) 

feitfflMfcr^'s-^A (AijOj) <o8a»6«R3;h.$ 

imm 1 2 3 mizm&mimw. *<n±xm 
trc k £itak-r &n«« 1 1 mmmwmmm 
mm 1 3 3 mrmmtx o ^- H**^t§ 

UiESBtf. ^JSS?fttl^» (18) ^««IBSftyy3 

y^ffi±w«-r-i»sBk. tm&m<£mtt% 

OaytKm^XMitxhay^A- yj3y (Sr 
Si0 4 ) , mt^X-VA, -is*) ay (ZrSi0 4 ) fcilJf 

ma7-^a ■ i^y 3y (Hfsio 4 ) *»<5>as?sii6iir' 

-tm-m. 1 2wm^wmft&m. 
im& 1 4 3 mizm&iiiKmtf. -eo±^* 

frt-y^-yg^J: (13)* 

[ mm 1 5 3 BFPJittstfc i o y- k® 

*SBk . tuiay y 3 ya^* y y 3 yftwmts z 
wj?%< t i> 1 -xo&wmmk (c8 4> UTitnev y 
3 y»^H?iB^s±ty y 3 yfci^ja^JiS:^ 
■rsgw ( 5 0 ) k . Btrifiy y 3 ymtt&m&x'm 
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him ( 5 2 ) t , Hute^ y n ymcommmmr yx 
-?z&o. t>2>wffltoz^&m (0t> , * (h 2 o> , 
-iKkza* (n,o) ifett-BMta* (no> ^*>w 

iHts-fr, zixizx^xmkvmtmmm&m 
< 5 4 ) t , mrawiMt^8i^*'ca»t«ai» 

(56) i:*S4>te-Srtrii:*«fai:f*W««14e 
[0001] 

[g3SS_b?)*iJffl#if] *»«Htt. HRKi/U3y«llfc 
[0002] 

n> (si) wsj6tT^*iktt, &^<oiififfl&, 
.**fc»fc**>«>rii4 u\ ftk^mis^^f^t^ 

[0003] SidOWiOBaOfcit^aTiOs^ir, dtl^ 

?*^£fflVvr;Si (100)±tBac7) 1 >4 0#^tFS^# 
*3-£6£fcfcJ:SBaSi 2 (4^- B B B ) rVTV-Mcai 
^<t<0#*>.g>itR£$*VCv^. fcfcitf. irF?)# 
#:*IRS:#!$$;h.£V> : R. McKeeftfj, Appl. Phys. Let 
t. 59(7), pp^782-784 ( 1 9 9 1*8 J! 1 2B ) ; R. H 
cKeefli!, Appl. Phys. Lett. 63(20), pp. 2818-2820 ( 1 
9 9 3*llJ!l5B) ;R. McKeefl!!, Mat. Res. Soc. 

Symp. Proc, Vol.21, pp. 131-135 ( 1 99 1*) ; 1 
9 93*7/?6B$Bff*)#BH$fi : »5, 225, 03 1 
^ rpROCESS FOR DEPOSITING AN 0XIDEEP1TAXIALLY ONT 
0 A SILICON SUBSTRATE AND STRUCTURES PREPARED WITH 

THE PROCESSj ; ti <fctf 19 9 6*1^9 BHfrO*ll 
ffltfSH 5, 482, 003-51 rpROCESS FOR DEPOSITING 

EPITAXIAL ALKALINE EARTH OXIDE ONTO A SUBSTRATE A 
ND STRUCTURES PREPARED WITH THE PROCESSj . c(4x2) 
flfjtSrffoXr-nyf^A- S^'JiM H (SrSi 2 ) 4V 
?7x-X ■ *T/Utm*Ztlt:. fctltf. R. McKee 
ft!!, Phys. Rev. Lett. 81(14), 3014 ( 1 9 9 8*1 0 

£5B) *#jHS*ifcn. l*>u ^commm^< 

[0004] SrOA.y7rlS:ffl^l)^y 3>-(100)±<O 
SrTi0 3 )&R#2lS£ft*:. U&»U SiOa'^tJIjWI 



[00053 $ SrO& ^(iTiO^ffV^K-fbai 
(6 0-1 2 OA) SrfflV^Ti/'Ja^tCSrTiOb^jSft 
Silfc. 3tfci.tf. B.K. MoonflS, Jpn. J. Appl. Phy 
s., Vol.33 (1 9 94*) , pp.l472-1477£#BB£ft*: 

[0006] SkBMbtttt. {XittftMOSFEfffl^Ct oT 

K&Wt. >I^^(±^IIXh°^^i/ (MBE : molecular 
beai epitaxy) , JVVXftl—ftfm (PLD: pulsed 1 
aser deposition) , XA^ U yftiXV/t tzli&m 
W$Ht^s£^f (MOCVD: metal-organic chemical vapor 
deposition) 2rfijfflL-Cl!i£$*l&. ZOti 0%fm<7), 
mmmizto^Xi*. Wti/'jay • ^?7x-^ 

fflKflPx. 8" &±<9*$frffl»±OJf*fcfflj&0^- 

M«Rrar*o, MosFET^stfc(tS7U>>'' 

[0 0 07] ftot, *Wfl«>iWtt. *<T3cJgLfc 
[0008] S>fc:j§iJ<OBWUL fi!Hfta*fc 

[0009] 

y'j3yllSO«IlC; BtTMWtt (ALD: atomi 
c layer deposition) ^-fftftWflji!*^*- 
y-HlSr^jSi"6ai9i:. (ALD) CiV 

[0010] 

-x&^-r-siSf^s* (Kk) &mmm<nftmm* 

4. *7*o-feXtt, jR^lfWI (ALD) SrfflfflL 

mmm ix v- kji^ a^sikcim 

[00 1 1 ] yijny (Si ) l«£Ub^)BWfs 
(^k) &mnmt<miz%iM<?>4 >?? x-xtm 
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a. 3tm±iz-mti' , )3> (sio 2 ) rfBfczti&sm 
jmz fih i>\ h ft v * ^(i^^ewa^^fijffl-r 

k tc J: OJ&SSftft t,c7) k UTi»3*lft . , SiO 
2 ti, ^IS H B H -C'(i^<^ B B B Mt'S)0, »LBc,v-r-'Jl 

ft&t&ZttfMtH\ W,2<7)®n. m. (H) V*y 

>-<-x 3 y$rffo-C, affi±t*H (H) i^^u 

[ o o 1 ft#>\ m^mm 
txmm^mm^immcom^mn^ii^ m i uu 
mm\2t. *<a±fcsio,jii4£*r*ssis«ioj&* 

■6 (uimm) . **w±. sio 2 «i4«4. sa*? 

^hh&. JBi4ii. 5-i o o Am<D$m<7)mfrx\ 
[0013] ®m<7)>— m mrizmmz > aw 

(Zr0 2 ) , KflyN7-^A (Hf0 2 ) , SS-fUhny^-^ 
A (Sr0 2 ) &k'c9&SIM»2 0 A*g$OftB 1 8 

fift«jifc«/8 ^ i- vitwrnrnma xvmrn 
(o 2 ) . * (H t o) , -BHfczs* (n 2 o> 4fctt-»fl: 

(NO) &Sft6 0 0ft*Sf*i:«OJt«WfiV^fflaT 
JflWCSiO,* 14 0*111 6±fcW*StfS. 
L < f 4 . Si g*£l 0 k ^ AKSi 0 2 fl 1 4 k 
9 0 OJg*ilitf)Si0 2 l 1 4tf>#MEB*J: Offifc^ftKif 

lZtt^XmR6 0 0B&.ffitXliti&ZtL&. 

[0014] mz. ocom.zm&6o ommt 
x%& tx . smmmmm 1 s ksio 2 « 1 4 1 £ 

RfSSHtMSiO, (*4im) V>i'-m2 0t:BtfL-t 

ft. ZtlZffllltZTfrt. 

[0 0 1 53 zoffltli* isWymBLklzStellzdr 

mm. / r^tmmt t £h-h^-Ym2onwMt, 
mmmxh'o. sio 2 mi4tmtw.^ zt>izmi 

<{i, 5~1 OOA<OKfflf*0, #4L<ttl 0-2 
5A0lefflT"&ft. iWHitWCIi, ^JRlHtfel 8£ 
J§140£UB1 6{C&ffiU **Uc8kvCS*(N 2 ) , 
T;P3"y (Ar) *fc«^y»>A (He) TifefrU 

ifcflS^RJ&Wg-r 9. UMt^^A • j/'jny (Hf 
Si0 4 ). , Rfc^n:^^ • V'jay (ZrSiO,) , £fc 
^bnyf^A ■ (SrSi0 4 ) ^rk>V-Ha2 



tfM^flrt&Srk'^Jffl LTff 5 Z.btfX'Z . 
[0016] iii4>«)rn-fe^wB8LT4i WiftiftE 

[0017] imvmMmiz&^xn. ttzms^t 

mei,z^tihXol l z > *S (H) A , 7 i/\-y 3 yj 
.»tT*<0±(c** ( H ) <7)M 1 3jWBJSS*ifc*iB 1 
2' £3rt6SiSJfil 0' .#RK*3*iS. 03$rv*ua 
5 Offj£ffiiRi(cSiftOQ 1 fcilA'H 2 0-f ^TOfl! Jfitf 

^Sttfcftfc-MT*^ 4 AtfUo*. hixh Z k fcfHSSJi 

[0018] frScOx- F« (OTtcl^-fi, ) ^jg^- 
*f«S:WfflLr«ft§il4, i-f. 7j<* (H) «1 3 
jJfiBiB. 04L<(4JSft3OO^T«ffll 2' 

*sns.-.»:t.'sis«io' to$mi2' 

(SiH 4 ) . y^7> (SiHe) ^rk*<DSijtiH**i:. H4 
tHRfcl 5klBS^^»^7-^A (Hf) , XNnyf 
(Sr) , i//l/3-^A (Zr) ^k^Kitig^ftk 

6. S«10' tt. -jRtflEKl O0jS*V>L5 0 0« 
coMSgf-, «5a=S:^(fiffilfci3^Tl4SK:2 5 OJtr 
0. -5MTorrt^fcStE(CtJV^"C. Cflt<^tiB*M!fc:$ 
^>Sn-S. k . tmi 7«i. H4 

*Ji^a6t*S<tS«J:5fc:. Tilrfy (Ar) , S* 

(Nj> (He) frtwistesttt-misrrc 

C7*5X7^#3*MW^^S^ (O) . * (H 2 
0) , -mzsm (N,0)'4fc«-HBHUW (NO) 
^rBrr3WBIfc$feS<l-C34, Sifci^aoll 5£ 
IWfcS^ HRfcH'2 HI 2 0 k«(K<0v- Kl 
20' «WC^-H«2 0' ^'06^$ 

'*l4i3tC7^>'(Ar.) , (N 2 ) ifctt^Uf A 

(He) Tft#$*i3 6, JfcJWrR* (O) 2rIZ'9l^<. 

[0019] i<0S»f, -y a yStLfe 

!¥t.<fi. .V-K12 0' WBftSn*. i^-H*2 
0' X'omKii. 5=5r^UlOO 

AOiEHf, *f4L<iilO=5r^L2 5AwKHT'* 

znmimtzti^xte. m^Mtt^zm. mi 

<{i4=5rv^t5|5]^0jIL-C. »««*»jfi-rft. Ztl 

(HfSi0 4 ) , K-ffc^a-^A . i^ijny (ZrSi0 4 ) , 
^•fb^hoyf-^A (SrSi0 4 ) &k>'>— H 

Jf2 0' kLT»jS§*lft. 

[00 20] M I Si 1 . x OWffl^W-rftl2 0' "Cti, R 
JSStc^AtftBU^JSk r? ^£fi£LfcjfcKa* 
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ownm^xtfitt (x) ( X =o~i ) mmix, 

J: 0 , i/ 'J 3 y **i=5r^»<^»Rfl:ftJi*«» 4>*i 
I). 

[0021 ] H7 , 8&£V9ZmmiX, ffiftMK 
«l4 00^fi!c*Wl#»(cJ:OII3S$ixl». £ 
■f. ^-K12 0*»A7-»>A (Hf) , XhDyfW 

(Sr) , zsjUzi-VJ* (Zr) , (La) , 7;PS 

^<?A (Al) , A -y MJ^A (Y) , -^y (Ti) , A* 
y>A (Ba) , 7>^y ■ XilVWA (LaSc) SrifO 

^«5tiBWcB#raTitorBi§ <b$^ 5 o s ztiizx ->x 

y-F«2 0<?>Stffi2 1±KJI4 2imtfi£tit, 
K«2 0ii, HRtSftl0 0«4^L5 0 0«^ia<?5 
?fl«. ifji^Hte^rfcV^T«iSft2 5 0St'0. 5mT 
orr^*mJET'&«5fc»lfK$ 4> 3*1* 5 0 . 
4 20>«ffi4 3#. T^y (Ar) , SX (N 2 ) Sfctt 
(He) *^<WRStt«*fcl*ISIT2<0ia. «s#$ 

(o 2 ) . * (h 2 o) , -mit~mm (n 2 o> *fc«-iMfc 

SS? (NO) ^fraT3<??(a$<c>§<t-C5 4, S4 2&. 
± 0 S L < tt$K$feBHMt* KftS S k i&JSBHttt 
*4O£09fc*1-J:3K7BjS't4. *KLTiSk#Jl 
l«i4 0li. M^y-VJ* (Hf0 2 ) , iHfci^a 
— ^i* (Zr0 2 ) , **yK*hny?">A(SrTiq,). l! 

(La 2 0 3 ) , Kfltf vh'JW (Y 2 Q3) , fft 
ftf-^y (TiO,) , f-^yK^'iJ^A (BaTi0 3 ) , 7/U 

s»*5y*y (uah^) , i^^y^^yy-) 
a (LaScCb ) teXimitrtvs-VJ* (Al 2 0 3 ) tf>S¥A> 

[00223 mmmt ix . ma oifinv^y (a 

r) , mm (N 2 ) , 's.'J^A (He) iifCa^S^lT 5 



[0 0 23] iot. yj=3yi 0£#3»^s'-Kfl 
2 0£, *HBiNMHpi3V^T«JS : Fmt« (ALD) fcflffl 

ft!IM4$Jft*5M It" * i t J: ->T*# =5rffi«±T'J? 

vvj-wzmm&nmx'&ifm.zixh . tt*7o 
ted; bmtctmfmti&m 1 &ttw<osriserc*4 . 

[02] *^BJ(C J; 5 JSFFflf**** Iffl LT M mm 

[03 3 *%aff*<?>±.izBdzix&. xmuzxim 
ftK^mwrnsLom 2 mm\mmmxh& . 

[04] lHbWf* 5 ^±teffM£ftl>. *%mz£i 

*mwm.mwmx°hh. 
m®commmx'$>z>, 

[06] *5MHc X "9 ffl^Jl^SrfiJffl LT y ^ 7 x 

[07 ] *?miz£t)i$.?mmzmmLxm2i5£v 
05 ic*3*iifl| loi^hMQIMNM: 

[08] *BEfcJ: 9S?*f«£fOTLTS®l*$& 

iraMHM nm^t. 

[09] *w«fc «t 0 w?-mttmmm tx y- 

[»^oiKBJ] 

10 yuny««. 

12 y'j3yi««0« 

14 iKbx'J^ys 

16 Kft^'J3y«<o«W 
18 6MMUIMI 



[01] 



[02] 



[03] 



' -20 
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[04] 



[05] 



10 6 3 




[07] 



[08] 



[09] 
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7* >J #-&*Efl7 'J YIWirMi- b . 
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